Abstract This study examined the prevalence of screened posttraumatic stress disorder (PTSD) and associated diabetes-related outcomes. A sample of American Indian adults with type 2 diabetes (n = 218) participated in interviewer-administered surveys. Using a cutoff of 3 on the Primary Care PTSD screener, 21.8 % of participants screened positive for PTSD. PTSD symptoms were negatively associated with self-rated health status and positively associated with past year hospitalization after controlling for several demographic factors, but not after controlling for depressive symptoms. Past month frequency of hyperglycemia symptoms was not related to PTSD symptoms. When grouped by mental health conditions (neither screened PTSD nor depressive symptoms, screened PTSD only, depressive symptoms only, and both), those with both screened PTSD and depressive symptoms reported the highest proportion of any past month hyperglycemia, past year hospitalization, and low self-rated health status. Screened PTSD, especially in those with comorbid depressive symptoms, is an important consideration in diabetes care.
Introduction
Posttraumatic stress disorder (PTSD) is an anxiety disorder with serious health consequences, including substantial ramifications for those with diabetes. PTSD is characterized by a traumatic event or events causing significant distress or impairment, resulting in re-experiencing of trauma, avoidance of reminders of trauma, negative cognitions and mood, and arousal (American Psychiatric Association, 2013) . Individuals with PTSD and diabetes experience worse health outcomes than those with diabetes alone (Miller et al., 2011; Trief et al., 2006) . American Indians (AIs) endure higher rates of both PTSD and diabetes (Blackwell et al., 2014; CDC, 2011) than the general US population. These disparities highlight the need to investigate the impact of PTSD on diabetes-related health outcomes for AIs. The purpose of this research is to determine the associations of comorbid PTSD and depressive symptoms on health-related outcomes for AI adults with type 2 diabetes.
PTSD status has been linked to a host of physical ailments, including cardiovascular disease (Boscarino & Chang, 1999; Pietrzak et al., 2011; Spitzer et al., 2009 ), pulmonary disease (Lauterbach et al., 2005; Spitzer et al., 2009 ), gastrointestinal problems (Lauterbach et al., 2005; Pietrzak et al., 2011; Schnurr et al., 2000) and general vascular problems (Dirkzwager et al., 2007) . PTSD diagnosis and symptomology have also been associated with a higher risk of both circulatory and musculoskeletal disorders (Ouimette et al., 2004) . Symptoms of PTSD have been associated with poorer self-rated health (Wolfe et al., 1994; Lauterbach et al., 2005) , higher risk of impaired functioning and lower quality of life (Johansen et al., 2007; Zatzick et al., 1997) , more short-and long-term disability, and suicide attempts (Sareen et al., 2007) . A recent meta-& Benjamin D. Aronson arons071@d.umn.edu analysis supported the relationship between PTSD and several health outcomes, including general symptoms and general medical conditions (Pacella et al., 2013) . In a population of patients with major depressive disorder, a positive PTSD screen was associated with worse depressive symptomatology, lower social support, and more outpatient health care visits (Campbell et al., 2007) . Diagnosed PTSD and self-reported PTSD symptoms are also associated with diabetes (Lukaschek et al., 2013; Weisberg et al., 2002) , and this association persists independently of depression (Agyemang et al., 2012) . Prior diagnosis of PTSD is associated with significantly increased odds of diabetes diagnosis later in life (Boyko et al., 2010) . Thus, PTSD is broadly associated with deleterious health outcomes, yet the impact of comorbid PTSD on diabetes-related health outcomes has been explored to a limited extent. We found only two studies addressing the impact of PTSD on diabetes-related health outcomes. In a cohort of low-income minority individuals with diabetes, lifetime PTSD symptoms were significantly associated with glycosylated hemoglobin values (a marker of longterm blood glucose control) above goal levels (Miller et al., 2011) . Among male veterans with diabetes, those with diagnosed PTSD were more likely to have higher cholesterol values than those without PTSD (Trief et al., 2006) . Interestingly, those with PTSD and depression had higher rates of substance use disorder and cholesterol values compared to PTSD alone, depression alone, or neither (Trief et al., 2006) , pointing to the potential additive impact of PTSD with depression on health.
Others have argued for a more complete and holistic view of mental health to understand the common, unique, and potentially additive impact on health (Prisciandaro et al., 2011; Walls et al., 2014) . In the National Comorbidity Survey, 88 % of males and 79 % of females with PTSD had another psychiatric disorder (Kessler et al., 1995) . Considering this overlap, investigating the impact of PTSD in combination with other mental health conditions could be useful. Depression in particular has been shown to have a relationship with diabetes control and diabetes-related outcomes (Ciechanowski et al., 2000; de Groot et al., 2001; Egede, 2004; Egede, 2007; Egede et al., 2002 Egede et al., , 2005 . This relationship has also been shown among AIs with diabetes (Knaster et al., 2015; Sahota et al., 2008; Singh et al., 2004; Walls et al., 2014) .
AIs have over two times the odds of lifetime PTSD , and are over two times more likely to have diabetes (Blackwell et al., 2014; CDC, 2011) than the general US population. AI groups in the US also experience higher rates of traumatic events than those in the general population (Ehlers et al., 2013a; Evans-Campbell, 2008; Evans-Campbell et al., 2006; Karmali et al., 2005; Manson et al., 2005; Robin et al., 1997; Sugarman & Grossman, 1996) . Past estimates of depression among AI adults exceed those of the general population, and range from 20 to 30 % (US Department of Health and Human Services, 2001) . However, it is necessary to consider the socio-historical context in order to understand AI health and health outcomes. A history of collectively endured traumatic assaults due to the practices and policies perpetuated by colonization has resulted in intergenerational exposure and transmission of trauma (Brave Heart, 1999 , 2003 Brave Heart & DeBruyn, 1998) . These traumas are historical in their origins, yet the assaults on AI culture and ways of life are manifested and permeate aspects of daily living today (Walls & Whitbeck, 2011; Whitbeck et al., 2004 Whitbeck et al., , 2009 ). Other contemporary traumas, such as racism, discrimination, and violence, interplay with historical traumas (Ehlers et al., 2013b; Evans-Campbell, 2008; Walls & Whitbeck, 2011; Whitbeck et al., 2004) . While the focus of this research was not to understand historical trauma, it is important to recognize the possible interplay between historical trauma, contemporary trauma, PTSD, and health disparities more broadly.
The impact of PTSD on diabetes-related health outcomes for AIs is unclear, particularly when considering comorbid depression. Understanding the interplay between diabetes and PTSD is needed, considering the high prevalence of both conditions for AIs. In this study, we estimate the prevalence of screened PTSD in a clinic sample of AIs with type 2 diabetes, investigate the relationship between PTSD symptoms and symptoms of hyperglycemia, hospitalizations, and self-rated health status, and consider these relationships in the context of comorbid depressive symptoms.
Methods

Study design
The Mino Giizhigad (A Good Day) Study is a communitybased participatory research (CBPR) project with the Lac Courte Oreilles and Bois Forte Bands of Chippewa (while the term ''Chippewa'' is a corruption of Ojibwe, this terminology is incorporated into the formal Band names for the two communities participating in the study) and the University of Minnesota Medical School, Duluth campus. Both tribal communities consented to be named in public dissemination of research findings. The purpose of this study was to identify and describe the impact of mental and behavioral health factors on diabetes treatment and outcomes among Ojibwe adults with type 2 diabetes. Tribal resolutions from both communities were obtained prior to application submission for funding. The project began with community feasts and forums to discuss the study goals, obtain community feedback, and establish Community Research Councils (CRCs). CRC and university team members were active participants in the entire research process, from methodological planning to final data collection and analysis. The university of Minnesota IRB and Indian Health Services (IHS) National IRB reviewed and approved the methodology included in this study.
Participants
The sampling frame for this study included AI adults with type 2 diabetes utilizing care at one of two reservation health clinics. Clinic staff were trained to randomly select potential participants from health records. Individuals were eligible to participate if they were 18 years of age or older, had a documented diagnosis of type 2 diabetes in the medical record, and self-identified as American Indian.
Measures
Posttraumatic stress disorder PTSD was estimated using the Primary Care PTSD (PC-PTSD), a four-item screen for PTSD (Prins et al., 2003) . Items were scored 'Yes' or 'No' (Yes = 1, No = 0), with a possible range from 0 to 4, and a score of 3 or higher indicating a positive screen. A cutoff score of 3 or higher has been significantly correlated with diagnosed PTSD, has a sensitivity of 78 %, a specificity of 87 %, an efficiency of 85 %, and good test-retest reliability (Prins et al., 2003) . In other analyses of the PC-PTSD, a score of 3 or higher was found to be the optimal cutoff score, with good sensitivity, specificity, positive and negative predictive values, and diagnostic efficiency in both military (Bliese et al., 2008) and civilian primary care samples (Freedy et al., 2010) . The internal consistency of the PC-PTSD as measured by Cronbach's alpha was .89 in our sample.
Depressive symptoms
Depressive symptoms were evaluated using the nine-item Patient Health Questionnaire (PHQ-9; Kroenke et al., 2001) . Individuals were asked to report over the past 2 weeks if they have been bothered by different symptoms (0 = not at all, 1 = several days, 2 = more than half the days, and 3 = almost every day), with a possible range from 0 to 27. A cutoff score of 10 or higher was used as criterion of depressive symptoms (Gilbody et al., 2007; Manea et al., 2012) . This cutoff has a sensitivity of 91.7 %, and a specificity of 78.3 % (Gilbody et al., 2007) . Cronbach's alpha for the PHQ-9 was .898 in this study.
Health-related outcomes
We chose to investigate certain health outcomes due to their significance in diabetes-related complications and quality of life (symptoms of hyperglycemia), health care costs (hospitalization), and overall health and mortality (self-rated health status). Symptoms of hyperglycemia are related to glycosylated hemoglobin (Cox et al., 1983; Kleefstra et al., 2005) . They are also associated with health-related quality of life (Goddijn et al., 1999) , even independent of glycosylated hemoglobin (Kleefstra et al., 2005) . In fact, some measures of diabetes-specific healthrelated quality of life include measures of symptoms due to their importance. Thus, not only are symptoms of hyperglycemia linked to other measures glycemic control, they have dramatic importance to patient wellbeing. Poorer selfrated health status is associated with functional limitation (Idler et al., 2000) , poorer objective health status (Wu et al., 2013) and mortality (Brunner et al., 2013; Idler & Benyamini, 1997; McGee et al., 1999; Miilunpalo et al., 1997) .
Participants were asked how many times in the past month they had high blood sugar with associated symptoms (i.e., symptoms of hyperglycemia). Response categories were '0 times' (0), '1-3 times' (1), '4-6 times' (2), '7-12 times' (3), and 'More than 12 times' (4). Individuals were also asked if during the past year had been a patient in a hospital overnight (Yes = 1, No = 0). We asked a single item to assess selfrate health status, ''In general, would you say your health status is,'' with response options of 'Excellent' (4), 'Very good' (3), 'Good' (2), 'Fair' (1), and 'Poor' (0).
Covariates
Participants self-reported their age in years, and reported their gender as either male or female (female = 1, male = 0). Educational attainment was assessed by highest level of education completed ('Less than high school', 'High school or GED', 'Some college, vocational or technical training', 'College graduate' or 'Advanced Degree'). Participants were also asked to indicate their annual household income within $10,000 ranges. Using the midpoint of this range and the number of people living within the household, the federal poverty calculation was used to categorize participants as above or below the federal poverty level. For multivariable analyses, we used the midpoint of this range divided by the number of people living within the household as the indicator of per capita annual household income. We asked individuals their age and how long they had diabetes. Participants indicated whether or not they lived on or off reservation lands (on = 1, off = 0).
Procedure
Selected patients were mailed a welcome letter, an informational project brochure, and a contact information card with mail and phone-in options to decline participation. After allowing time for declined notices, trained community interviewers contacted remaining recruits to schedule interviews. Consenting participants were given a pound of locally cultivated wild rice and a $30 cash incentive. Paperand-pencil interviewer-administered surveys were completed in participants' location of choice, most often in private spaces within homes. In addition to the intervieweradministered portion, participants completed a self-report section containing questions that may have been sensitive or personal. The time to complete each survey ranged between approximately 1.5-3 h.
All identifying information was removed from surveys and replaced with an identification number by an on-site project coordinator prior to sending to the university-based team. All survey data was entered and verified in electronic format by university research assistants. Of the 300 randomly sampled individuals, 11 were determined to be ineligible to participate (i.e., did not meet study inclusion criteria). Out of a total initial eligible sample of 289 individuals, 218 participants completed surveys for a final study response rate of 75.4 %.
Analyses
Data were analyzed using the Statistical Package for the Social Sciences (SPSS, Version 20). Chi square difference tests were used to examine differences in screened PTSD among different demographic groups. We compared the prevalence of PTSD by gender, education level, income, and depressive symptoms. We used multivariable logistic and linear regression to determine the relationship between health outcomes (symptoms of hyperglycemia, hospitalization, and self-rated health status) and PTSD symptoms (i.e., PC-PTSD raw score) after controlling for gender, location, reservation status, income, years with diabetes, and age. Due to prior research suggesting a relationship between PTSD and depression, we conducted two-step hierarchical regressions, where depressive symptoms were entered on the second step. We further examined possible interactive effects of PTSD and depressive symptoms on outcomes. Additionally, we used Chi square tests to investigate differences in health outcomes across four categories: (1) no screened PTSD and no depressive symptoms, (2) screened PTSD with no depressive symptoms, (3) depressive symptoms with no screened PTSD, and (4) both screened PTSD and depressive symptoms. Table 1 displays the prevalence of PTSD symptoms by demographic characteristics. The mean age of participants was 56.5 years, with an average longevity of diabetes of 14.7 years. Over three quarters (76 %) reported that they lived on reservation land. The average per capita household income was $10,331, and 44 % were living below the federal poverty limit. Using a cutoff score of 3 or higher on the PC-PTSD, 45 (21.8 %) participants screened positive for PTSD. Using a criterion score of 10 or more on the PHQ-9, 17.1 % of participants were classified as experiencing depressive symptoms. In total, 23 (11.2 %) were classified as screened PTSD only, 15 (7.3 %) depressive symptoms only, and 21 (10.2 %) both. Nearly a quarter of participants (22.1 %) had a hospitalization in the past year. The majority of participants reported fair (28.2 %) good (38.9 %), or very good (20.4 %) self-rated health status. Poor self-rated health status was reported by 10.6 % of participants. Over half reported experiencing symptoms of hyperglycemia in the past month, with 27.6 % reporting 1-3 times, 9.8 % reporting 4-6 times, 7.5 % reporting 7-12 times, and 8.9 % reporting more than 12 times. We found significant age differences (p = 0.001) in prevalence of PTSD, the oldest cohort (65 and older) having the lowest proportion. A significantly higher proportion of individuals with depressive symptoms screened positive for PTSD (p \ 0.001), compared to those who did not have depressive symptoms. No significant differences in PTSD rates by gender, educational, or income statuses were found.
Results
Regression analyses were conducted to evaluate the relationship between PTSD symptoms and health-related outcomes (i.e., quantity of past month symptoms of hyperglycemia, self-rated health status, and hospitalization in the past year) after controlling for several other variables as shown in Table 2 . In the first model, these controls included age, gender, study location, residing on or off reservation lands, years with diabetes, and per capita income. The second model added depressive symptoms. PTSD symptoms were not significantly related to symptoms of hyperglycemia. Prior to controlling for depressive symptoms, PTSD symptoms were negatively related selfrated health status, and positively related to hospitalization. However, these relations were no longer significant after controlling for depressive symptoms. An interaction term between standardized PTSD and depressive symptom scores was non-significant in regression models for each dependent variable (not shown). Figure 1 provides shows the differences between groups with neither screened PTSD nor depressive symptoms, screened PTSD alone, depressive symptoms alone, and both. Chi square difference tests indicated significant differences J Behav Med (2016) 39:694-703 697 between groups for any past month hypoglycemia symptoms (p = 0.030), past year hospitalization (p = 0.001), and poor self-rated health status (p = 0.002). The major contributor to each of these differences was a disproportionately high proportion of negative outcomes among those with both screened PTSD and depressive symptoms. 
Discussion
This cross-sectional study investigated the prevalence of screened PTSD among AI adults with type 2 diabetes, and explored the relationship between PTSD symptoms and health-related outcomes. Over 1 in 5 of the participants in this study (21.8 %) screened positive for PTSD using a cutoff of 3 or higher on the PC-PTSD. The rate of screened PTSD using the PC-PTSD with a cutoff of 3 or higher has in past research ranged between 4.8 % for United Kingdom military personnel in service during the 2003 Iraq War (Iversen et al., 2009) , 10 % for newly diagnosed breast cancer patients (Hegel et al., 2006) , 13 % for US soldiers returning from Operation Iraqi Freedom (Maguen et al., 2010) , and 36 % for a sample of depressed patients (Campbell et al., 2007) . It is startling that our clinic sample of AIs with type 2 diabetes has such strikingly high rates of screened PTSD when compared to combat veterans and cancer patients. But this seems to be consistent with prior literature regarding PTSD among AIs compared to majority populations. For instance, a sample of tribal members aged 15-54 from the Northern Plains had over two times the odds of lifetime PTSD compared to a national sample . In this study, younger participants and those with depressive symptoms were more likely to screen positive for PTSD. Prior literature has suggested that younger individuals experience higher levels of PTSD symptomatology (Ditlevsen & Elklit, 2010; Kessler et al., 1995) . A possible explanation for this finding may exist in the emotional processing of memories. In an emotionally adaptive manner, older adults modify memories of past negative events to minimize unpleasant emotions to a greater extent than do younger adults (Boals et al., 2014) . The cultural position of elders in AI communities, one of respect and reverence, may also explain this difference. Some prior literature suggests rates of PTSD differ by gender, with women having higher rates (Ditlevsen & Elklit, 2010; Freedy et al., 2010; Kessler et al., 1995) . As noted, we found no significant differences in PTSD by gender. In some previous studies, rates of traumatic events for AIs were similar across gender (Flett et al., 2004; Klest et al., 2013; Manson et al., 2005) , as were rates of PTSD (Robin et al., 1997) , potentially indicating the impact of cultural and social factors on trauma and PTSD. Contrarily, Ehlers et al. (2013a) reported a larger proportion of AI women than men with diagnosed PTSD. This variation between AI groups may be explained by regional and cultural differences between different tribal groups.
Prior literature has purported PTSD to be associated with negative diabetes-related health outcomes, such as higher cholesterol levels (Trief et al., 2006) and worse blood glucose control (Miller et al., 2011) . After controlling for several demographic variables, we found no relationship between PTSD symptoms and past month symptoms of hyperglycemia. This is consistent with findings from the Strong Heart Family Study, a large epidemiological study of cardiovascular disease among AI adults, which found no difference in glycemic control among those with diabetes between psychological trauma symptoms (i.e., no trauma, trauma but no symptoms, symptoms but no PTSD, and presumptive PTSD; Jacob , 2013) . However, our findings suggest PTSD symptoms from a short screener are associated with self-rated health status and past year hospitalization, but not when also considering the influence of depressive symptoms. The co-linearity between PTSD symptoms and depressive symptoms in this study may partially explain the non-significance of PTSD symptoms in the complete model, but these findings suggest a potentially more complex relationship between mental health symptomatology and chronic disease outcomes. Indeed, others have found a potential compounding of negative effects for individuals with multiple psychiatric diagnoses/symptoms. In a sample of male veterans with diabetes, those with PTSD and depression had higher cholesterol values and were 48 % more likely to have glycosylated hemoglobin above goal level than individuals with PTSD alone (Trief et al., 2006) . When dichotomizing mental health conditions on the basis of standard cut points, we found the highest rates of negative health outcomes for those with depressive symptoms and co-occurring screened PTSD, with 80 % reporting any symptoms of hyperglycemia in the last 30 days, 52.4 % having been hospitalized in the past year, and 35 % reporting poor selfrated health. Our findings based upon categorical groupings of individuals suggest a cumulative or additive impact of depressive symptoms and screened PTSD on some healthrelated outcomes. However, the reduction of multiple independent variables, our continuous symptom scores, to dichotomous groups may produce spurious statistical significance (Maxwell & Delaney, 1993) . The interaction term between these two mental health constructs as continuous variables was not significant in our multivariable models. Thus, the effects of comorbid screened PTSD on health do not appear to vary as a function of levels of depressive symptoms (or vice versa). Future research should further investigate the additive and unique impacts of mental health diagnoses on health outcomes for those with diabetes.
The results of this study must be juxtaposed with the limitations of the design. In this work we acknowledge the limitations of diagnostic categories and the socio-historical context of AI health, yet chose to operationalize PTSD as a means of understanding its impact on diabetes. While diagnostic categories such as PTSD include symptomatology that may be experienced by AIs, the categories do not fully explore intergenerational transmission of trauma from other individuals or within communities (Evans-Campbell, 2008) , and they do not encompass culturally specific conceptions of mental health. While it is known that PTSD symptomology impacts Indigenous health (Nadew, 2012) , current conceptions of PTSD fail to offer insights into the relationship between historical and contemporary trauma (Evans-Campbell, 2008) . This study did not capture clinically diagnosed psychiatric conditions, and as such these results are limited. However, we did employ commonly used, validated screening instruments that assess current symptoms. These screeners may serve quite useful for primary care providers in a clinic setting in order to identify individuals for referral to mental health services. Another potential criticism of this work is the use of the cutoff of 3 or higher on the PC-PTSD to define a case. While we used the generally accepted cutoff in the literature, it may underestimate cases compared to a cutoff of 2 or higher. We relied upon self-report of symptoms of hyperglycemia and utilization of hospital services. It is possible that self-report bias or recall bias may have influenced the results, and that actual glycemic control or utilization may differ from what was reported by participants. Of particular note, hospitalizations in this study captured any hospitalization, diabetes-related or otherwise, meaning we cannot infer that poor diabetes control contributed to hospitalizations. While all-cause hospitalization is an important outcome given its connection to health and ramifications for health care costs, future work may investigate diabetes-related hospitalizations specifically. Additionally, the cross-sectional design of this study precludes causal inferences, thus our conclusions must be restrained to associations between mental health symptoms and health outcomes. Longitudinal studies are needed to determine the impact of PTSD and depression on diabetes related outcomes over time.
This study highlights a continued need to address the mental health needs of individuals with diabetes. Although level of PTSD symptoms did not have a significant relationship with symptoms of hyperglycemia, hospitalization, and self-rated health status after controlling for depressive symptoms, screened PTSD with comorbid depressive symptoms should be judiciously addressed in individuals with diabetes. Recommendations for treatment of PTSD include a multidisciplinary plan concentrated on traumafocused psychotherapy and pharmacotherapy (Warner et al., 2013) . Cognitive trauma therapy has proved useful in reducing PTSD, depression, and guilt among an ethnically diverse group of women who had been abused (Kubany et al., 2003 (Kubany et al., , 2004 . Unfortunately, fear of talking to someone about trauma, and fear of medication side effects serve as reasons for not seeking help for trauma-related symptoms (Ghafoori et al., 2014) . Other barriers to mental health treatment include feelings of fear and helplessness, distrust, low mental health literacy, and psychosocial issues (Bassett et al., 2012; Ghafoori et al., 2014) . In order to address these barriers, AI and Alaska Native healers have identified culture as the primary vehicle for the delivery of trauma treatment (Bassett et al., 2012) . Depression is traditionally treated with a variety of modalities that include a combination of antidepressant medication, psychotherapy, and other somatic therapies (American Psychiatric Association, 2010). Kaufman et al. (2013) , who analyzed data from a large representative psychiatric epidemiological study among AIs in two reservation communities, found that depression was related to family, cultural, or community dynamics-most likely all three-which has implications for treatment considerations for depression in AI individuals. Treatment interventions that address interpersonal relationships and family dynamics may be effective in treating depression that is related to family factors (Brakemeier & Frase, 2012; Dirmaier et al., 2012) . Culturally rooted and community developed means to address mental health conditions have significant potential to improve health (Gone, 2013; Kirmayer et al., 2003) .
